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ABSENCE OF HEPATIC INACTIVATION OF ESTROGEN
IN THE MONKEY*
G. VAN WAGENEN AND W. U. GARDNER
Hepatic inactivation of estrogen is not a constant feature of the
metabolism of all animals. In laboratory rodents (mouse, rat, and guinea
pig) the liver effectively destroys the hormone when it is secreted by
ovarian tissue transplanted to a region of portal drainage and, too, the
crystalline form of the steroid is without effect when placed in a like posi-
tion. On the other hand, Hooker, Drill, and Pfeiffer' found in the pre-
pubertal monkey that implantation of pellets of estrone and estradiol in
the spleen was followed by peripheral evidence of circulating estrogen.
The fate of the ovarian tissue transplanted to the spleen of rodents was of
great interest. Granulosa-cell tumors, luteomas, and mixed cell tumors
were reported (Biskind and Biskind, 1944; Li and Gardner, 1947). 6 The
present writers, recognizing the possible deviation of the monkey from the
pattern of estrogen conversion characteristic of the subprimate yet inter-
ested in the induction of tumor formation in a notably resistant animal,
undertook transplantation of ovarian tissue to the spleen in both immature
and mature monkeys. These transplants were referred to as "intrasplenic."7
It was the effort to achieve success for each graft in the larger and relatively
more costly animal that led to the orientation of the ovarian segment in
such a way as to preserve its normal relationship to the peritoneal cavity.
Thus, the cut surface was approximated to the stroma of the spleen from
which the capsule had been separated, and the surface of the ovary covered
by germinal epithelium, was freely bathed by peritoneal fluid. Now, al-
though the vascular supply of the surviving graft was surely a part of the
portal system, there remained the question of possible hormonal secretion
or of diffusion into the peritoneal fluid because the position of the graft was
"suprasplenic" rather than "intrasplenic." It was recognized that the possi-
bility of estrogen escaping passage through the liver should be checked, so
truly intrasplenic grafts have now been made.
MATERIALS AND METHODS
Three rhesus monkeys (Macaca mulatta) have received intrasplenic transplants of
ovary, two animals being adults and the third an immature monkey of about one and
one-half years, weighing 3,200 grams. The adult monkeys were born in the colony and
were 10 years and 3 months and 10 years, 9 months old. They weighed, respectively,
8,230 and 10,000 grams. One of them had been used for breeding and the other was a
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genetic female whose external genitalia had been altered by androgen treatment of her
mother early in pregnancy. The pseudohermaphroditic change caused the vagina to
end in the dorsal wall of the prostatic urethra, forming a male-like prostatic utricle
that was patent. This animal matured at the usual age, the menstrual fluids passing
through the utricle and externally by way of the urethra. The sex skin swelling and
coloration appeared in response to ovarian activity at puberty, as in any individual of
this species. She was satisfactory for this experiment except that the vagina was not
available for the desquamation study which explains why her record is missing from
the chart in Figure 3.
Although the hepatic inactivation of estrogens seems to depend on an adequate food
and vitamin intake (Drill and Pfeiffer, 1946; Biskind, 1946),"' no supplement to the
balanced diet now used was thought necessary. Since this colony is made up of
pregnant animals, young growing animals, and monkeys subjected to operative
procedures, a definite plan is followed to make sure that each animal receives and
eats a supplement of vitamins A and D; the readily eaten oranges supply vitamin C
and for B, Brewer's yeast is shaken on a slice of bread in the pan of milk each
morning. Because the animals live entirely indoors a centrally located quartz, mercury-
vapor ceiling lamp is used. Other possible inadequacies in the diet of animals prefer-
ring natural foods are covered by the addition of a salt mixture to cooked foods.
Transplantation. Nembutal anaesthesia was used, administered subcutaneously and
in amount to immobilize the animal for several hours. For the preliminary castration
of the animal a relatively high midline incision through the abdominal wall was made
which later was extended in order to reach the spleen. The blood vessels to the ovaries
were tied off and the ovaries removed without including the Fallopian tubes. The
distal part of the fimbriated end of the tube was clipped to free it from the surface
of the gonad. It has been customary to use one half of an ovary for the transplant,
so after removal, the second gland was split lengthwise through the hilus toward the
free border. The two parts were then approximated and the gland kept moist until
the spleen was prepared.
The parietal surface of the spleen was brought into view by grasping the suspensory
ligament. About midpoint on the splenic surface an incision of the capsule the width
of the ovary was made and the knife blade was then turned at right angles deep in the
stroma to cut a long pocket which lay parallel to the long axis of the spleen. Into this,
one-half of the ovary was slipped and when the forceps was withdrawn, the edges of
the incision fell into place, no stitch being necessary to insure retention of the
transplant.
The two edges of the peritoneum of the abdominal wall were approximated by a
running stitch followed by mattress sutures in the external fascia and subcutaneous
closure of the skin. On waking, each animal was returned to its own cage so that on
the next day the daily observations and routines could be followed as usual.
In transplantations formerly used, only the splenic capsule was cut and a probe was
inserted under one edge with a sweeping motion to free the capsule from the stroma.
The ovary was slipped under the capsule with its cut surface lying on the denuded
splenic tissue, the ovary being pushed well beyond the entrance slit. The capsule
covering the ovary was then torn to expose the germinal epithelium on the surface of
the ovary. These superficial transplants were usually made on the visceral surface of
the spleen to avoid possible adhesion to the abdominal wall.
One of the present series of monkeys with buried ovarian tissue was sacrificed five
and one-half months after transplantation. The spleen was removed and sliced through
the site of the graft and then photographed (Fig. 1). The calibration of the vaginal
lavages, color of the sex skin, and menstrual histories of the other monkeys have
been followed for eleven months.I
FiG. 1. Spleeni from Mm 85, natural size, showinig entire gland with iniitial cut
tlhrough site of transplanitationi. Note its unbrokeni surface. The middle photograph
slhows the two parts of the spleen opened up to expose the embedded ovarian tissue.
lowest photograph is a surface view after a parallel cut, passing through a follicle,
has been made deeper in the ovarian tissue (x 3).ABSENCE OF ESTROGEN INACTIVATION
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FIG. 2. Return and continuation of menstrual rhythms in ovariectomized rhestus
monkeys bearing intrasplenic transplants of ovarian tissue.YALE JOURNAL OF BIOLOGY AND MEDICINE
OBSERVATIONS
After operation, the monkeys were essentially castrates until the
transplanted ovarian tissue began to function. There was immediate evi-
dence of this in the pallor of the sex skin of the two adults. Also, there
was an effect on the sex cycle. Monkey Mm 80 was menstruating on the
day of operation so the blood estrogen level was low, but Mm 58 was
operated upon on the nineteenth day of the menstrual cycle and the
hormone withdrawal resulted in a "castration" bleeding four days later,
shortening the cycle to 22 days; the previous cycle was 30 days (Fig. 2).
Immediately after operation upon Mm 80 the lack of estrogen support
resulted in a profuse desquamation of the vaginal epithelium (Fig. 3).
From this record it appears that the beginning hormonal secretion kept this
desquamation from a complete fall to the baseline about twenty days after
transplantation. In both adult animals the estrogen level was built up to
normal during the following thirty days and the menses were resumed 57
days after operation in one animal and 58 days in the other. In both
monkeys the color of the sex skin returned to normal.
In the immature animal, Mm 85, the nipples gave some evidence of
development but the estrogen secretion of the gonads was too low to bring
about appreciable vaginal desquamation. There was an initial rise in
desquamation about two weeks after the operation (Fig. 3), indicating
some ovarian activity but on too low a level to result in menstruation. The
first menstruation (menarche) did not occur until after a second rise in
hormone about forty days later, on the 82nd day after the operation. After
menarche there was again a period of quiescence and then a rise in estrogen
level. This pause after menstruation before the estrogenic or proliferative
phase of the cycle is characteristic of the long cycles during puberty.
Gross appearance of the grafts. Mm 85, the animal which was immature
at time of transplantation, was sacrificed five and one-half months later in
order to examine the state of the graft. It was well embedded in the splenic
tissue 2 to 3 mm. from the serosa (Fig. 1). A small whitish area beneath
the splenic capsule indicated the location of the graft. Transection of the
gland confirmed the intrastromal situation of it, passing through the
periphery of a follicle; and a parallel cut toward the tail of the spleen
revealed one follicle approximately 6 mm. in diameter. The follicle appa-
rently contained clear liquor folliculi and had a translucent appearance. It
was impossible to discern other ovarian structures from splenic stroma.
Microscopic structure of the graft. The sectioned graft measured
approximately 9 mm. by 9 mm. at greatest diameters. It consisted predomi-
nately of a large follicle measuring 4.5 mm. by 5.5 mm. The walls of the
follicle were irregular, in some areas containing 8-10 layers of granulosa
cells and in other areas very few cells. No ovum was located. The theca
interna was not well developed. One other follicle, approximately 1 mm. in
diameter, was found. Luteinized granulosa cells and well-developed theca
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FIG. 3. Day-to-day fluctuation in vaginal desquamation, as determined by lavage,
shown in relation to the onset and continuation of menses in adult and young ovariecto-
mized rhesus monkeys bearing intrasplenic grafts.
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interna lined the walls. An atretic ovum was located in a disintegrating
cumulus oophorus. Red blood cells were found in the lumen of one
compressed follicle measuring 3 mm. by 2.5 mm. in greatest diameters.
Several small follicles, both normal and atretic, with one or two layers of
granulosa cells were scattered about these larger follicles. In one area a
cleft lined by germinal epithelium surrounded one part of the graft. A small
area of rete ovarii and tubal epithelium was noted.
In no place did the graft contact the serosal surface.
DISCUSSION
The continuation of cyclic vaginal bleeding of adult ovariectomized
monkeys bearing intrasplenic ovarian grafts and the onset of menarche in
an ovariectomized immature monkey bearing an intrasplenic ovarian graft
reaffirm other evidence of the failure of the rhesus monkey's hepatic tissue
to inactivate ovarian hormones (Hooker, Drill, and Pfeiffer, 1947; van
Wagenen and Gardner, 1950).` The ovarian hormone, presumably an
estrogen, produced by one-half of one ovary placed well within the splenic
substance, stimulated the sex skin and vaginal epithelium as well as the
endometrium. It seems impossible that any hormone could diffuse from the
graft through the splenic capsule and serosa into the peritoneal fluids and
hence escape the portal venous return.
The cyclic function of the intrasplenic grafts in ovariectomized monkeys,
furthermore, was not unlike that of intact animals indicating the level of
hormone production was adequate to maintain a sexual rhythm. This, as
well as the vaginal desquamation and sex skin coloration, implies an
essentially normal level of estrogen.
In the immature monkey from which the graft was obtained, corpora
lutea were not found. Although the ovarian tissue was removed at a time of
the year when ovulatory cycles would occur in adults, it is improbable that
ovulation would occur in an animal of this age. The luteinization of the
granulosa cells and hypertrophy of the theca interna indicate that the
ovaries were exposed to some luteinizing hormone.
SUMMARY AND CONCLUSION
1. Autologous grafts of approximately one half of one ovary were made
within the splenic tissue of one immature and two adult ovariectomized
rhesus monkeys. After early indication of a hypo-ovarian condition as dis-
closed by the vaginal lavage and sex skin coloration, regular menstrual
cycles were reestablished in the two adult monkeys and the immature
monkey became sexually mature at the appropriate weight.
2. One ovarian graft examined five and one-half months after implanta-
tion, contained three follicles, two with luteinized granulosa cells and one
with a resorbing ovum.
482.FIG. 4. Photomicrograph of an area of the intrasplenic graft in Mm 85 showing
two small follicles with ova, one small anovular follicle, and below, a portion of the
wall of a large cystic follicle. x approx. 100.
FIG. 5. Same ovary as above but showing a follicle with luteinized theca and atretic
granulosa cells. Another section showed a degenerating ovum. Below is a section of
a luteinized flattened follicle. No ovum was found.ABSENCE OF ESTROGEN INACTIVATION 483
3. Intrasplenic, not just subcapsular ovarian grafts, produce enough
hormone to stimulate the sex skin, vaginal mucosa, and endometrium after
the hormone has traversed the liver, giving further evidence that the
monkey's hepatic tissue does not inactivate estrogens to any great degree.
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